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MICRO MIXER

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

This application 1s a 371 of international application of
PCT application serial no. PCT/JP2011/064388, filed on Jun.
23, 2011, which claims the priority benefit of Japan applica-
tion no. 2010-146232, filed on Jun. 28, 2010. The entirety of
cach of the above-mentioned patent applications 1s hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a micro mixer.
2. Description of Related Art

Various static mixers for mixing at least two or more types
of fluids have been proposed. Static mixers are used 1n fine
particle manufacturing by chemical reaction and crystalliza-
tion. Among them, micro mixers 1n which the flmds to be
mixed are supplied in the micro channels have been attracting,
attention.

Micro mixers have micro channels 1n which the micro
channel width 1s 1n arange of 10 um to 1000 um. In the micro
mixer, at least two types of fluids are mixed after being
divided into minute flows by micro channel. In the micro
mixer, the fluids are divided into minute flows and the fluid

diffusion distance becomes shorter. Accordingly, the flmd

mixing speed becomes faster. Thus, compared to the conven-
tional static mixers, micro mixers can efficiently mix fluids in

a small period of time.

As for the structure of micro mixers, for example, mixers

having Y-shaped channels are well known. In such kind of

muixers, the channel for the first fluid and the channel for the

second tluid intersect to 1n an acute angle, 1.e., Y-shaped, so as

to form a merging channel. The fluids respectively supplied in

the channels merge at the intersection point of channels 1n a

state of laminar flow. After that, each fluid diffuses and mixes
with each other.

In Patent Reference 1, a lamination micro mixer 1s dis-
closed. The disclosed lamination micro mixer includes a plate
in which a micro channel for a to-be-mixed reactant A to flow
therethrough 1s formed and a plate 1n which a micro channel
for a to-be-mixed reactant B to flow therethrough 1s formed.
Viewing from the above of the plates, the micro channels
intersect to form an acute angle. Each of the fluids merges at
the 1nlet of the mixing/reacting chamber.

As described above, in the mixers 1n which channels are
arranged i a’Y shape and the mixers in which micro channels
are arranged 1n an acute angle, each of the fluids mixes 1n a
laminar state. Therefore, each atorementioned mixer 1s suit-
able for mixing low viscosity fluids. However, 1n case of
mixing high viscosity fluids or mixing fluids having large
difference 1n viscosity, there 1s a problem that the contact area
of fluids and shear force 1n the fluids may be reduced, and
mixing efliciency may be decreased.
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2
RELATED ART

Patent Reference

Patent Reference 1: Japan Laid open publication No. He
0-512742

SUMMARY OF THE INVENTION

Problems that the Invention 1s to Solve

The object of the present invention 1s to provide a micro
mixer and a fluid mixing structure capable of efficiently mix-
ing high viscosity fluids or fluids having different viscosity.

Means for Solving the Problems

In order to achieve the above mentioned object, according
to a first embodiment of the present invention, a micro mixer
for mixing two or more types of fluids 1s provided. The micro
mixer includes a mixing plate having a first channel-forming
section and a second channel-forming section. The first chan-
nel-forming section has a first channel formed for a first thuid
to flow therethrough. The second channel-forming section
has a second channel formed for a second fluid to flow there-
through. Between the first channel-forming section and the
second channel-forming section, a combined channel 1n
which the first fluid and the second fluid merge with each
other 1s disposed. The outlet of the first channel and the outlet
of the second channel are opposite to each other with the
combined channel disposed therebetween. The position of the
outlet of the first channel facing the center axis of the com-
bined channel 1s included 1n or the same as the position of the
outlet of the second channel facing the center axis. In addi-
tion, 1n the micro mixer, the mixing plate consists of a pair of
plates, and the width of the combined channel 1s configured
by adjusting the distance between the pair of plates.

In such configuration, the flow direction of the first fluid
transmitted from the first channel and the flow direction of the
second fluid transmitted from the second channel are 1n oppo-
site directions and symmetric with respect to the axis of the
combined channel. Thus, the fluids collide at the combined
channel from the front. As such, the contact area of the fluids
1s 1ncreased and shear force 1s induced around the colliding
position. Accordingly, efficiently mixing high viscosity fluids
or fluids having different viscosity 1s achievable.

In the above mentioned micro mixer, the center axis of the
cross-section of the outlet of the first channel 1s preferred to be
the same as the center axis of the cross-section of the outlet of
the second channel.

In such configuration, since the fluids, which are respec-
tively transmitted from the outlets of the first channel and the
second channel, collide from the front, efficiently mixing
high viscosity fluids or fluids having different viscosity 1s
achievable.

In the above mentioned micro mixer, 1t is preferable that the
outlet surface of the first channel 1s parallel to the outlet
surface of the second channel.

In such configuration, the flow direction of the first fluid
from the first channel and the flow direction of the second
fluid from the second channel are parallel and in opposite
directions. Accordingly, the contact area of the fluids 1is
increased and efficiently mixing high viscosity tluids or fluids
having different viscosity 1s achievable.

In the above mentioned micro mixer, 1t 1s preferable that the
outlet of the first channel 1s one of the plurality of outlets, the
outlet of the second channel 1s one of the plurality of outlets
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and the outlet of the first channel and the outlet of the second
channel are 1n one-to-one relationship and opposite to each

other.

In such configuration, 1t 1s capable that each of the fluids 1s
respectively divided into a plurality of micro flows, such that
the divided micro flows collide 1n a one-to-one relationship.
Accordingly, the contact area of the fluids 1s increased and
mixing speed 1s increased.

Inthe above mentioned micro mixer, 1t 1s preferable that the
combined channel 1s formed 1n an elongated shape, at one
side surface of a pair of opposite side surfaces which form the
combined channel, a plurality of outlets of the first channel
are arranged side by side along the longitudinal direction of
the combined channel, and at the other side surface, a plural-
ity of outlets of the second channel are arranged side by side
along the longitudinal direction of the combined channel.

In such configuration, without changing the distance
between the outlets of the channel, by adjusting the length of
the combined channel or increasing the quantity of channels,
the processing amount of the micro mixer 1s increased.
Accordingly, the processing amount can be increased without
reducing the collision effect of the fluids.

In the above mentioned micro mixer, 1t 1s preferable that a
temperature control plate laminated to the mixing plate 1s
included. The temperature control plate has a first medium
channel for a first medium to flow therethrough, a second
medium channel for a second medium to flow therethrough,
and a heat isulating section disposed between the first
medium channel and the second medium channel. In the case
that the mixing plate and the temperature control plate are
laminated, the first channel-forming section and the first
medium channel are disposed to correspond to the lamination
direction, and the second channel-forming section and the
second medium channel are disposed to correspond to the
lamination direction.

In such configuration, the first medium only acts upon the
first fluid, the second medium only acts upon the second tluid.
In addition, since heat conduction between the first medium
and the second medium can be suppressed by the heat 1nsu-
lating section disposed between the first and second medium
channels, it 1s possible to adjust the temperature accurately.

In the micro mixer, the heat insulating section consists of a
space ol a predetermined width and has a depth of a same
distance as the thickness of the temperature control plate. It 1s
preferred that, through the configuration of the heat insulating,
section of the temperature control plate being overlapped to
the combined section of the mixing plate, a combined section
which has a depth of a same distance as the length of the
lamination direction 1s configured to the laminated body con-
s1sting of the temperature control and the mixing plate. In the
above mentioned micro mixer, it 1s preferable that at the first
channel and the second channel, the cross-section area of the
outlet 1s smaller than the cross-section area of the inlet.

In such configuration, the tlow rate of the fluid transmitted
from the combined channel can be increased, thus mixing
cifect of the fluids can be further improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a micro mixer of an exem-
plary embodiment of the present invention.

FIG. 2 1s an exploded perspective view of the laminated
body.

FI1G. 3 15 a perspective view of the mixing plate.

FI1G. 4 15 a plan view of the mixing plate.

FIG. 5 1s a perspective view of the temperature control
plate.
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FIG. 6 1s a perspective view of the laminated body.
FIG. 7 1s a perspective view of the mixing plate of another

example.

FIG. 8 15 a perspective view of the mixing plate of another
example.

FIG. 9 1s a plan view of the mixing plate of another
example.

FIG. 10 1s a plan view of the mixing plate of another
example.

FIG. 11 1s a plan view of the mixing plate of another
example.

FIG. 12 1s a plan view of the mixing plate of another
example.

FIG. 13 1s a plan view of the mixing plate of another
example.

FIG. 14 1s a plan view of the mixing plate of another
example.

FIG. 15 15 a plan view of the temperature control plate of
another example.

FIG. 16 1s a plan view of the temperature control plate of
another example.

DESCRIPTION OF THE EMBODIMENTS

In the following, the micro mixer of the present invention 1s
described as one embodiment 1n accordance with FIG. 1 to
FIG. 6.

As shown 1n FIG. 1, the micro mixer 1 has a hollow-shaped
case C. In the case C, a laminated body 11 1n which various
micro channels are formed 1s fixed. The laminated body 11
has channels for a first fluid F1 and a second fluid F2 which
are mixing objects or reacting objects and a first heat medium
H1 (a first medium) and a second heat medium H2 (a second
medium) to flow therethrough. The first heat medium H1 and
the second heat medium H2 respectively perform heat
exchange with the fluids F1, F2.

At the left end C1 of the case C, a first fluid supply section

4 A to supply the first fluid F1 into the case C 1s disposed. At
the right end C2 of the case C, a second fluid supply section
4B to supply the second fluid F2 into the case C 1s disposed.
In the following, each fluid supply section 4A, 4B 1s not
distinctly described, and merely 1t 1s described as the fluid
supply section 4.
The fluid supply section 4 has an opening 2 formed at the
end of the case C and a connector 3 connected to the opening
2. The connector 3 1s connected to the tank for respectively
storing the fluids F1, F2. In addition, the connector 3 1s
connected to a pressurizing pump and a pumping mechanism
in which pipes connected to the pump are included. Each of
the fluids F1, F2 1s respectively pumped toward the connector
3 1n a pressurized condition by the pumping mechanism. The
openings 2 are respectively disposed at two ends of the case
C. Spaces are disposed between the openings 2 and each side
surface 11a, 115 of the laminated body 11 of the case C. The
spaces serve as storage sections S1, S2 to temporarily store
the fluids F1, F2 which are transmitted from the pumping
mechanism.

At the upper end C3 of the case C, heat medium supply
sections 7A, 7B are formed. The first heat medium H1 1s
supplied 1nto the case C through the heat medium supply
section 7A, and the second heat medium H2 1s supplied into
the case C through the heat medium supply section 7B. Simi-
lar to the fluid supply section 4, the heat medium supply
sections 7A, 7B respectively have openings 5A, 5B and con-
nectors 6A, 6B. At the bottom end C4 of the case C, heat
medium sending sections 7C, 7D are formed. Heat mediums
H1, H2 supplied by each of the heat medium supply sections
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7A, 7B pass from the channels located 1n the laminated body
11 and are respectively sent out to the external of the case C by
cach of the heat medium sending sections 7C, 7D. Similar to
the fluid supply section 4, the heat medium sending sections
7C, 7D respectively have openings 5C, 5D and connectors
6C, 6D.

At the bottom end C4 of the case C, a sending section 10 1s
disposed. A mixed tluid F3 (or reacted fluid) of the flmds F1,
F2 which are mixed or reacted in the laminated body 11 1s sent
out to the external of the case C through the sending section
10. The sending section 10 has an opening 8 and a connector
9 connected to the opening 8.

In other words, the flmds F1, F2 are supplied into the case
C from each of the fluid supply sections 4A, 4B and mixed or
reacted in the micro channels of the laminated body 11.
Herein, since the fluids F1, F2 are mixed 1in the micro channel,
the diffusion distance of each fluid F1, F2 1s decreased. As
such, mixing speed of each fluid F1, F2 1s increased and the
desired amount of each fluid F1, F2 1s efficiently mixed. Fach
of the fluids F1, F2 1s mixed and formed the mixed fluid F3 (or
reacted tluid), and 1s sent out to the external of the case C from
the sending section 10. However, the positions of the case C,
cach fluid supply section 4 A, 4B and the sending section 10 of
the micro mixer 1 are not limited to the above mentioned
configuration and can be changed as required.

Next, the laminated body 11 1s described with reference to
FIG. 2.

As shown 1n FIG. 2, the laminated body 11 includes a pair
of rectangular cover plates P1, P2 and a plate group 12 con-
sisting of a plurality of plates. The plate group 12 1s disposed
between the two cover plates P1, P2. The plate group 12
includes three temperature control plates 13 and two mixing
plates 14. The temperature control plates 13 are configured as
the upper most layer and the lower most layer of the plate
group 12, and each mixing plate 14 1s laminated in a manner
of being sandwiched between the temperature control plates
13.

All of the external shapes of each cover plate P1, P2, each
temperature control plate 13 and each mixing plate 14 have
the same rectangular shape. Each cover plate P1, P2, each
temperature control plate 13 and each mixing plate 14 are
formed by, for example, metal matenal, resin, glass, ceramic,
or the like. In the case thateach plate 13, 14, P1, P2 are formed
by using those materials, the processing of forming channels
becomes easier and each plate can be fixed to each other in an
adhered state such that fluid leakage 1s prevented. Each plate
13,14, P1, P2 can be formed by the same material or different
materials. For example, each plate 13, 14, P1, P2 can be
tformed by stainless steel and each plate can also be fixed to
cach other in an adhered state by diffusion bonding. The
processing method of each plate 13, 14, P1, P2 includes, for
example, njection molding, solvent casting method, melt
replication process, cutting, etching, photolithography, laser
ablation, or the like.

Next, the mixing plate 14 1s described with reference to
FIG. 3 and FIG. 4.

As shown 1n FIG. 3, the mixing plate 14 consists of a pair
of plates. The mixing plate 14 has the first channel-forming
section 14A and the second channel-forming section 14B.
Both of the first and second channel-forming sections 14 A,
14B are rectangular and formed 1n a plate shape. At the center
of the width direction (the Y direction in the figure) of the
upper surface 14a of the first channel-forming section 14 A,
three first channels 15 are formed. The first channels 15 are
arranged 1n equal intervals. Each of the first channels 15 1s
tformed 1n a shape of groove extending from the left end 1456
of the first channel-forming section 14 A to the right end 14c¢.
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Each of the first channels 15 1s opened at the left end 145, the
right end 14¢ and the upper surface 14q of the first channel-
forming section 14A. The opening of the leit end 145 of the
first channel-forming section 14A forms the inlet 154 of the
first channel 15, and the right end 14¢ of the first channel-
forming section 14 A forms the outlet 155 of the first channel
15. The inlet 15 communicates with the first flud supply
section 4A 1n which the first fluid F1 1s supplied.

The first channel 15 has a big wide-width portion 16 of tlow
width, a small narrow-width portion 17 of flow width and a
taper portion 18. The flow width of the taper 18 1s gradually
reduced from the wide-width portion 16 to the narrow-width
portion 17.

The cross-section of the wide-width portion 16 which 1s
orthogonal with the flow direction of the fluid has a rectan-
gular shape. The wide-width portion 16 extends from the left
end 145 to the vicinity of the right end 14¢ of the first channel-
forming section 14A. In order to ensure the uniformity of the
temperature distribution of the fluid and the strength of the
device, the width and the depth of the wide-width portion 1
are preferably set to be 1n a range in which the width 1s greater
than or equal to 0.1 mm and smaller than or equal to 100 mm
and the depth 1s smaller than or equal to 5 mm, and preferably,
the width 1s set to be greater than or equal to 0.1 mm and
smaller than or equal to 20 mm and the depth 1s set to be
smaller than or equal to 2 mm. In other words, the wide-width
portion 16 can be designed that pressure loss does not
increase, channel blocking 1s hard to occur, rapidly heating/
cooling the channel 1s capable and productivity 1s improved.

The cross-section of the narrow-width portion 17 1s also
formed 1n a rectangular shape. The narrow-width portion 17
extends from the vicinity of the right end 14¢ of the first
channel-forming section 14A to the right end 14¢. The nar-
row-width portion 17 has a cross-section area at least smaller
than the cross-section area of the wide-width portion 16. For
example, the width and the depth of the narrow-width portion
17 are preferably set to be in a range 1n which the width 1s
greater than or equal to 0.1 mm and smaller than or equal to 20
mm and the depth 1s smaller than or equal to 5 mm, and
preferably, the width 1s set to be greater than or equal to 0.1
mm and smaller than or equal to 5 mm and the depth 1s set to
be smaller than or equal to 2 mm. In other words, the narrow-
width portion 17 can be designed that pressure loss does not
increase, channel blocking 1s hard to occur, rapidly heating/
cooling the channel 1s achievable and productivity 1is
improved.

The combined channel 19 1s disposed between the first
channel-forming section 14A and the second channel-form-
ing section 14B. The combined channel 19 consists of a space
having a predetermined width. The combined channel 19 1s
opened at the bottom and the top, and opened at the front
surface 14g and the back surface 14/ of the mixing plate 14.
The opening section 19¢ opened at the front surface 14g of the
mixing plate 14 1s the outlet of the combined channel 19 and
communicates with the sending section 10. The opening sec-
tion 196 opened at the back surface 14/ of the mixing plate 14
1s closed by the case C or other components. The pair of side
surfaces which form the combined channel 19 are respec-
tively configured by the first and second channel-forming
sections 14A, 14B. The combined channel 19 1s formed as an
clongated channel which 1s 1n a rectangle shape 1n plan view.
The longitudinal direction of the combined channel 19 1is
parallel to the width direction of the mixing plate 14.

The second channel-forming section 14B has the second
channel 20 for the second fluid F2 to flow therethrough. The
second channel-forming section 14B and the first channel-
forming section 14A are symmetric with respect to the com-
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bined channel 19. In other words, at the center in the short
direction at the upper surface 144 of the second channel-
forming section 14B, three second channels 20 are formed.
The second channels 20 are arranged 1n equal intervals. Each
of the second channels 20 1s opened at the left end 14e, the
right end 14/ and the upper surface 144 and the bottom surface
of the second channel-forming section 14B. The opening of
the left end 14e of the second channel-forming section 14B 1s
formed as the outlet 205 of the second channel 20, and the

opening of the right end 14f of the second channel-forming
section 14B 1s formed as the inlet 20a of the second channel
20. The mlet 20a communicates with the second tluid supply
section 4B which supplies the second fluid F2.

The second channel 20 has a wide-width portion 21, a
narrow-width portion 22 and a taper portion 23 disposed
between the wide-width portion 21 and the narrow-width
portion 22. The wide-width portion 21 has the same shape and
channel width as those of the wide-width portion 16 of the
first channel-forming section 14A. The wide-width portion
21 extends from the right end 14/ 1o the vicinity of the left end
14¢ of the second channel-forming section 14B. The narrow-
width portion 22 also has the same shape and channel width as
those of the narrow-width portion 17 of the first channel-
forming section 14A. The narrow-width portion 22 extends
from the vicinity of the left end 14e to the leit end 14e of the
second channel-forming section 14B.

As shown 1n FIG. 4, the first and second channel-forming
sections 14A, 14B are disposed 1n a manner that the outlets
156 of the first channels 15 are opposite to the outlets 205 of
the second channels 20 with respect to the combined channel
19. The position of the outlet 155 facing the center axis X1 of
the combined channel 1s the same as the position of the outlet
205 facing the center axis X1. The outlet planes of the outlet
155 and the outlet 205 are parallel. In addition, the center axis
of the cross-section of each of the outlets 1554, 205 1s the same
center axis X2. The position of the first channel 15 can also be
at the right side rather than at the left side as shown in FIG. 4.
In addition, the position of the second channel 20 can also be
at the left side rather than at the rnight side as shown 1n FIG. 4.
Moreover, at one side surface of the pair of opposite side
surfaces which form the combined channel 19, three outlets
155 of the first channels 15 are formed; and at the other side
surface, three outlets 205 of the second channels 20 are
formed. Each of the outlets 155, 205 15 arranged side by side
along the longitudinal direction of the combined channel 19.

The fluids F1, F2 supplied and pumped from the inlets 13a,
20a of the first and second channels 15, 20 respectively flow
from the wide-width portions 16, 21, through the tapers 18, 23
and into the narrow-width portions 17, 22. The fluids F1, F2
which flowed into the narrow-width portions 17, 22 respec-
tively flow from the outlets 155, 205 1nto the combined chan-
nel 19 in a tlow rate faster than that when flowed into the inlets
15a, 20a. At this time, the positions of the two outlets 155,
205 facing the center axis X1 are the same, and since the fluids
F1, F2 face each other in a one-to-one relationship and are
respectively discharged from the outlets 155, 205 to the com-
bined channel 19, the fluids F1, F2 collide with each other
from the front. Therefore, compared to the case that each fluid
F1, F2 flows and combines 1n a laminar state, the contact area
of each fluid F1, F2 1s increased and the fluids F1, F2 are
ciliciently mixed. In addition, by colliding the fluids F1, F2
with each other from the front, the fluid elements within each
fluid F1, F2 are subjected to shear force from the flow direc-
tion of the first fluid F1 and the flow direction of the second

fluud F2. Thus, the mixing speed of the fluids F1, F2 1s
increased. Especially, 11 at least one of the fluids F1, F2 1s a
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low liquidity and high viscosity liquid, and the viscosity
difference of the flmds F1, F2 1s large, 1t can be particularly
clfective.

The opening section 196 of the combined channel 19 1s
closed. Thus, after colliding, the fluids F1, F2 flow to the
opening section 19¢ because of the pressure of main liquid
pumping mechanism. Considering the pressure loss that gen-
erates at the combined channel 19, the stable flowing-through
of the high viscosity fluids and flmids having different viscos-
ity, the mixing force and the strength of the device, the width
of the combined channel 19, 1.e., the distance between each
outlet 155, 205 1s preferably set to be greater than or equal to
0.1 mm and smaller than or equal to 30 mm. In addition, the
depth of the combined channel 19 1s preferably set to be
greater than or equal to 0.3 mm. The width of the combined
channel 19 can be changed according to the viscosity of each
fluud F1, F2 and the intended mixing degree. If the width of
the combined channel 19 1s reduced, the colliding force of
cach fluid 1s increased while the pressure loss 1s relatively
increased, and the shear force within the fluids 1s increased. If
the width of the combined channel 19 1s increased, notwith-
standing the colliding force of each fluid becoming weak, the
pressure loss 1s reduced.

Next, the temperature control plate 13 1s described with
reference to FIG. 5.

The temperature control plate 13 1s a rectangular shape and
formed 1n a plate shape. The temperature control plate 13 has
substantially the same size as that of the mixing plate 14. At
the center of the longitudinal direction of the temperature
control plate 13, the heat insulating section 30 1s formed. The
heat nsulating section 30 1s disposed 1n a manner to be
overlapped with the combined channel 19 which 1s formed by
the laminated mixing plate 14. The heat insulating section 30
1s formed 1n an elongated shape. The heat insulating section
30 1s formed by cutting out the temperature control plate 13
from the front surface 13c¢ to the depth direction (the Y direc-
tion in the figure). The heat msulating section 30 passes
through the thickness direction (the Z direction in the figure)
of the temperature control plate 13. The heat insulating sec-
tion 30 has an opening section 30a at the front surface 13¢ of
the temperature control plate 13. The width of the heat 1insu-
lating section 30 1s substantially the same as the width of the
mixing plate 14 and the combined channel 19.

In the temperature control plate 13, recess sections 24 that
are substantially rectangle-shaped are respectively formed at
the left side and the right side with respect to the heat 1nsu-
lating section 30. At the upper surface 13a of the temperature
control plate 13, flow-in channels 26 and tlow-out channels
277 are formed. All of the flow-1n channels 26 and the flow-out
channels 27 are formed groove-shaped and respectively com-
municate with the recess sections 24.

At the bottom surface of the recess sections 24, elongated
wall sections 24a, 245 are formed. The wall sections 24a, 245
extend 1n the longitudinal direction (the X direction in the
figure) of the temperature control plate 13. A portion of the
channel 1s constructed from the space configured between the
t1p of each wall section 24a, 245 and the inner wall surfaces of
cach recess section 24. At the bottom surface of the recess
section 24, between the two wall sections 24aq, 245, four
clongated wall sections 25 are formed. The total length of the
wall section 25 1s shorter than the width of the recess section
24 (the X direction in the figure). A space 1s configured
between two ends of the wall sections 23 and the inner wall
surfaces of each recess section 24, so as to configure a portion
of the channel. Each wall section 24a, 245, 25 divides the
space within the recess section 24 and forms the channels for
the heat mediums H1, H2 to flow therethrough. In other
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words, each wall section 24a, 24b, 25 consists of the heat
medium channel 31 as a medium channel for the heat medi-
ums H1, H2 to flow therethrough. The heat medium channel
31 includes the tflow-1n channel 26 and the flow-out channel
27. The heat medium channel 31 extends from the flow-in
channel 26 to the center of the temperature control plate 13
and bends, and then extends to the left side 24¢ of the recess
section 24. Moreover, the heat medium channel 31 bends 1n
tront of the left side 24¢ and extends to the right side 244 of
the recess section 24. Moreover, the heat medium channel 31
bends in front of the right side 244 and extends again to the
left side 24¢. As such, the heat medium channel 31 bends a
plurality of times within the recess section 24 and leads to the
flow-out channel 27.

The heat medium channel 31A i1s formed at the recess
section 24 of the left side of the temperature control plate 13,
and the heat medium channel 31B 1s formed at the recess
section 24 of the right side of the temperature control plate 13.
The heat medium H1 1s supplied at the heat medium channel
31A, and the heat medium H2 is supplied at the heat medium
channel 31B. As shown 1n FIG. 4, by laminating the mixing
plates 14 at the above or below of the temperature control
plate 13, the first heat medium channel 31A, through-which
the heat medium H1 flows 1s overlapped at the above and
below of the first channel 15 through-which the first fluid F1
flows. The second heat medium channel 31B through-which
the heat medium H1 flows 1s overlapped at the above or below
of the second channel 20 through-which the second fluid F2
flows. Accordingly, the heat exchange can be performed
between the first heat medium H1 and the second heat
medium H2, and the heat exchange can be performed
between the second heat medium H2 and the second fluid.

The heat transfer at the periphery of each heat medium
channel 31A, 31B can be suppressed by the heat imnsulating
section 30. Therefore, though heat mediums H1, H2 having
large temperature difference are respectively supplied to the
heat medium channels 31 A, 31B, the temperatures of the heat
mediums H1, H2 are not significantly reduced to be lower
than the desired temperature, and do not increase. Therefore,
even 1n the micro mixer 1 in which temperatures of the fluids
F1, F2 within the channels are change easily, the temperature
of the first and second fluids F1, F2 can be adjusted accu-
rately. In other words, the temperature decreasing to be lower
than the desired temperature range of the fluids F1, F2 can be
suppressed. Accordingly, each channel 15, 20 and the com-
bined channel 19 may not be blocked by the precipitates. As
a result, 1n the micro-particles manufacturing, a decrease of
productivity due to crystallization can be prevented.

As shown 1n FIG. 6, since the three temperature control
plates 13 and the two mixing plates 14 are alternatively lami-
nated, the heat insulating section 30 of the temperature con-
trol plate 13 and the combined channel 19 of the mixing plate
14 are overlapped. As a result, 1n the laminated body 11, the
vertical combined channel 32 having a depth which 1s the
same distance as the length of the lamination direction 1s
configured, wherein the combined channel 19 1s part of the
vertical combined channel 32. At the left side of the vertical
combined channel 32, six outlets 155 of the first channels 15
are disposed. Also at the right side of the vertical combined
channel 32, six outlets 204 of the second channels 20 are
disposed. The outlets 155 are respectively configured oppo-
site to the outlets 205. Each temperature control plate 13 and
cach mixing plate 14 are 1n a state of being closely attached to
cach other, and the upper openings of the first and second
channels 15, 20 of the mixing plates 14 are closed by the
bottom surface of the temperature control plates 13. In addi-
tion, the upper openings of the heat medium channels 31A,
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31B of the temperature control plates 13 are closed by the
bottom surface of the mixing plate 14 or the bottom surface of
the cover plate P1.

In the above mentioned laminated body 11, the first fluid F1
1s supplied from the first fluid supply section 4A 1n the case C
in a pressurized state. After the first fluid F1 1s temporarily
stored 1n the storage section S1, the first flmd F1 1s divided
into six first channels 15 of the laminated body 11 and then
supplied. On the other hand, the second fluid F2 1s supplied
from the second fluid supply section 4B in the case C 1n a
pressurized state. After the second fluid F2 1s temporarily
stored 1n the storage section S2, the second fluid F2 1s divided
into six second channels 20 of the laminated body 11 and then
supplied.

The first fluid F1 1s sent out to the combined channel 19 by
the outlets 155 while flowing from the wide-width portions 16
to the narrow-width portions 17 of the first channels 15 and
increasing the tflow rate. On the other hand, the second fluid
F2 1s sent out to the combined channel 19 by the outlets 205
while flowing from the wide-width portions 21 to the narrow-
width portions 22 of the second channels 20 and increasing
the flow rate. The micro flow of the first fluid F1 discharged
from each of the outlets 155 and the micro flow of the second
fluid F2 discharged from each of the outlets 205 collide from
the front 1n a one-to-one relationship. Accordingly, since the
micro flow of each of the first and second fluids F1, F2 are
mixed by colliding, the overall mixing speed 1s further
enhanced. The fluids F1, F2 respectively discharged from the
s1x pairs of outlets 155, 205 tlow toward the outlets 32a of the
vertical combined channel 32 after turbulent mixing in the
combined channel 19. The mixed flmid F3 1s discharged from
the outlet 324 to the sending section 10 and then discharged to
the external of the case C.

In the micro mixer 1, 1n order to increase the processing
amount of the fluud F1, F2 which are objects to be mixed,
without changing the width of the vertical combined channel
32, 1.¢., the distance between the outlets 155, 205, the length
of vertical combined channel 32 can be extended. Alterna-
tively, without changing the width of the vertical combined
channel 32, the quantity of the channels 15, 20 which are
opened at the side surface of the combined channel 19 can be
increased, or the quantity of the laminated mixing plates 14
can also be increased. Accordingly, without degrading the
mixing elficiency at the vertical combined channel 32, the
processing speed can be increased. In addition, i the micro
mixer 1, the capacity of the vertical combined channel 32 can
be relatively increased, and the blocking of channel due to the
increasing ol pressure loss can also be prevented. Moreover,
the width of the vertical combined channel 32 can be appro-
priately changed depending on the viscosity of the fluids
which are the objects to be mixed. As a result, the degree of

freedom relative to the design of the device 1s increased.

Herein, each case of the application of the micro mixer 1 1s
described.

First, one example of resin synthetic experiment 1s
described. An1socyanate compound that has been adjusted to
have a viscosity of 3 mPa-s 1s used as the first fluid F1, and an
acrylate that has been adjusted to have a viscosity o1 4 mPa-s
1s used as the second fluid F2. Then, by using a plunger pump,
the flow rate of the first and second fluids F1, F2 1s made to
100 g/min, and the first and second flmds F1, F2 are collided
and mixed at the vertical combined channel 32. After that, by
continuously using the micro mixer 1, the synthetic reaction
1s performed. As a result, the reaction rate 1s 94%.

On the other hand, if the conventional laminated micro
mixer 1s used in the same experiment, the reaction rate 1s 90%.
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In other words, 1f the micro mixer 1 of the above mentioned
embodiment 1s used, since the tluids are efficiently mixed, the
reaction rate 1s increased.

According to the above mentioned embodiment, the fol-
lowing efifects can be achieved.

(1) The mixing plate 14 of the micro mixer 1 has the first
channel-forming section 14A having the first channel 135
tormed for the first fluid F1 to flow therethrough and a second
channel-forming section 14B having the second channel 20
tormed for the second fluid F2 to flow therethrough. Each of
the outlets 1554, 2056 of the first and second channels 15, 20 are
opposite to each other with respect to the combined channel
19, 1n which the first fluid F1 and the second fluid F2 merge
disposed therebetween. The position of the outlet 155 facing
the center axis X1 of the combined channel 19 and the posi-
tion of the outlet 205 facing the center axis X1 of the com-
bined channel 19 are the same. In other words, the cross-
section center axes of the outlets 1554, 204 of the first and
second channels 15, 20 are the same center axis X2. There-
fore, the flow direction of the first flud F1 from the first
channel 15 and the tlow direction of the second fluid F2 from
the second channel 20 are 1n opposite directions and symmet-
ric with respect to the center axis X1 of the combined channel
19. Theretore, the fluids F1, F2 collide from the front. As a
result, the contact area of each of the fluids F1, F2 1s
increased, and shear force 1s induced. Accordingly, high vis-
cosity fluids and fluids having different viscosity can be effi-
ciently mixed.

(2) The outlet surfaces of the outlets 155, 205 of the first
and second channels 15, 20 are parallel. Accordingly, the flow
direction of the first fluid F1 from the first channel 15 and the
flow direction of the second fluid F2 from the second channel
20 are parallel and opposite to each other. As a result, since the
fluids F1, F2 collide from the front, the contact area of the
fluids F1, F2 1s increased and a greater shear force can be
induced.

(3) The outlets 155, 205 of the first and second channels 15,
20 are opposite to each other 1n a one-to-one relationship.
Theretore, the fluids F1, F2 can be mixed after divided into a
plurality of micro flows and further colliding the divided
micro flows in a one-to-one relationship. As a result, the
mixing eificiency of the fluids F1, F2 1s further enhanced.

(4) At one side surface of the pair of side surfaces which
form the elongated combined channel 19, three outlets 1556
are arranged side by side along the longitudinal direction of
the combined channel 19, and on other side surface three
outlets 2056 are arranged side by side along the longitudinal
direction of the combined channel 19. Therefore, without
changing the distance between the two outlets 15, 205, the
processing amount per mixing plate 14 can be increased by
extending the combined channel 19 or by increasing the quan-
tity of two outlets 155, 205. As a result, without reducing the
mixing efliciency, the processing amount 1s 1mproved.

(5) The micro mixer 1 has the temperature control plate 13
laminated on the mixing plate 14. The temperature control
plate 13 has the first heat medium channel 31A for the first
heat medium H1 to flow therethrough, the second heat
medium channel 31B for the second heat medium H2 to tlow
therethrough, and the heat insulating section 30 disposed
between the first heat medium channel 31A and the second
heat medium channel 31B. In the condition that the mixing,
plate 14 and the temperature control plate 13 are laminated,
the first channel-forming section 14A and the first heat
medium channel 31 A are disposed to correspond to the lami-
nation direction, and the second channel-forming section 14B
and the second heat medium channel 31B are disposed to
correspond to the lamination direction. As a result, the first

10

15

20

25

30

35

40

45

50

55

60

65

12

heat medium H1 only acts upon the first fluid F1, the second
heat medium H2 only acts upon the second fluid F2. In addi-
tion, the heat mnsulating section 30 1s disposed between the
first and second heat medium channels 31A, 31B. As a result,
in the micro mixer 1 in which temperatures of the fluds
within the channels change easily, the temperature can be
adjusted accurately since the heat transier between the first
and second heat mediums H1, H2 can be suppressed.

(6) The cross-section area of each outlet 1556, 205 of the
first and second channels 15, 20 i1s smaller than each cross-
section area of inlet 154, 20a. Accordingly, the flow rate of
cach fluid F1, F2 which 1s discharged at the combined channel
19 can be increased. As a result, the colliding force of the fluid
F1 from the first channel 15 and the flud F2 from the second
channel 20 1s increased and a great shear force can be
obtained.

The micro mixer 1 1s used 1n the different viscous tluids
experiment. The wide-width portions 16, 21 of the first and
second channels 15, 20 having width 8 mmxdepth 0.2
mmxlength 30 mm and narrow-width portions 17, 22 having
width 0.4 mmxdepth 0.2 mmxlength 1 mm are set. In addi-
tion, the combined channel 32 and the heat insulating section
30 are configured to have width 2.0 mmxdepth 1.0
mmxlength 15 mm. One mixing plate 14 1s fixed at the cover
plates P1, P2, and two temperature control plates 13 are
laminated above and below, and accommodated 1n the case C.
A plunger pump 1s used so that water with a viscosity of 1
mPa-s and syrup with a viscosity of 100 mPa-s tlow 1n a flow

rate of 10 g/min and merge at the combined channel 32.

As a result, the pressure loss at the vertical combined
channel 32 1s about 0.2 MPa, and each tfluid F1, F2 1s capable
to flow smoothly without mtermittence. Accordingly, 1t was
proved that 1n the micro mixer 1 of Embodiment 1, the pres-
sure loss can be reduced because of the large capacity of the
vertical combined channel 32.

Comparative Example

A conventional Y-shaped micro mixer 1s used 1n the differ-
ent viscous fluids experiment. The channel disposed in the
Y-shaped micro mixer for the first fluid to flow therethrough
having width 0.4 mmxdepth 0.2 mmxlength 15 mm and the
channel for the second fluid to flow therethrough having
width 0.4 mmxdepth 0.2 mmxlength 15 mm are set. In addi-
tion, the channel for the mixed fluid to flow therethrough 1s
configured to have width 0.8 mmxdepth 0.2 mmxlength 15
mm. The plate in which channels are formed has the same
material as that of Embodiment 1. Therefore, the roughness of
the channel wall surface 1s the same as that of Embodiment 1.
In addition, as in Embodiment 1, the plunger pump 1s used for
water with a viscosity of 1 mPa-s and syrup with a viscosity of
100 mPa-s to flow. As a result, the pressure loss of the channel
in which the mixed fluid tflow therethrough 1s above 10 MPa,
and the low viscous water tlows intermittently and 1s ditficult
to flow stably. Each of the channels 1s disposed i the
Y-shaped mixer in a manner that each channel intersects each
other so that the fluids merge. Therefore, when two types of
fluids having different viscosity tlow in each channel, the flow
rate of the low viscosity tluid 1s increased while the flow rate
of the high viscosity fluid 1s decreased. Therefore, intermat-
tent flow 1s generated.

Furthermore, the above embodiment can be modified as
follows.

As shown 1n FIG. 7, an elongated notch can be formed at
the center of the front surface 14g of the mixing plate 14 so as
to form the combined channel 19. As shown 1n FIG. 8, at the
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opening section 196 of the combined channel 19 of the mix-
ing plate 14 of Embodiment 1, a T-shaped blocking member
42 can be connected.

As shown 1n FIG. 9, the channel width ®1 of the inlet
(wide-width portion) of the first channel 15 can be different to
the channel width ¢2 of the inlet (wide-width portion) of the
second channel 20. In addition, the channel width ¢3 of the
outlet (narrow-width portion) of the first channel 15 can be
different to the channel width ¢4 of the outlet (narrow-width
portion) of the second channel 20. For instance, in the case
that the second fluid F2 having a higher viscosity than the first

fluid F1 tlows 1n the second channel 20, the channel width ¢2

of the second channel 20 can be larger than the channel width
¢1 of the first channel 15. Herein the cross-section area of
cach channel 1s different because the channel width of each
channel 1s different. In addition, the channel length L1 of the
first channel 15 can be ditlerent to the channel length 1.2 of the
second channel 20.

As shown 1n FIG. 10, the quantity of the first and second
channels 15, 20 can respectively be one. Alternatively, the
quantity of the first and second channels 15, 20 can respec-
tively be two or above four.

As shown 1in FIG. 11, the interval d2 between the first
channel 15 of the center and the first channel 15 which is at the
closest to the front surface 14g of the mixing plate 14 can be
greater than the interval d1 between the first channel 15 which
1s at the closest to the back surface 14/ of the mixing plate 14
and the first channel 15 of the center.

Moreover, when flumids, which generate intermittent flow
casily, are processed, as shown 1n FI1G. 12, the first and second
channels 15, 20 can extend 1n a straight line along the longi-
tudinal direction of the mixing plate 14. Just one of the first
and channels 15, 20 may be 1n a straight line, and one of the
channels may be 1n different shape with the other channel.

As shown1n FIG. 13, the combined channel 19 may consist

of a wide-width portion 19¢, a narrow-width portion 19/

having a smaller width than the wide-width portion 19¢ and a
taper section 19g which is disposed between the wide-width
portion 19¢ and the narrow-width portion 19/, As shown in
F1G. 14, the channel width of the combined channel 19 can be
disposed to be gradually reduced toward the opening section
19¢ which 1s the outlet of the combined channel 19.

As shown 1n FIG. 15, together with the recess section 45,
which sandwiches the heat insulating section 30 of the tem-
perature control plate 13 and 1s respectively opened at the
upper surface 13a, the back surface 135 and the front surface
13¢, the wall sections 46 can be formed within the recess
section 435. The wall section 46 extends through from the back
surtace 135 to the front surface 13¢ along the short direction
of the temperature plate 13. Also 1n this case, the space within
the recess section 46 1s divided into a plurality of elongated
spaces by the wall sections 46 so as to form the heat medium
channels 47. The heat medium channels 47 are formed
orthogonal to the first and second channels 15, 20. Therelore,
the heating efficiency or the cooling efficiency can be
improved.

A heat 1nsulating member may be embedded in the heat
insulating section 30 of the temperature control plate 13, and
the heat insulating section 30 can also be integrally formed.

The position of the outlet 155 of the first channel 15 facing
the center axis X1 of the combined channel 19 can be
included 1n the position of the outlet 205 of the second chan-
nel 20 facing the center axis X1. As shown 1 FIG. 16, the
width W2 of the outlet 205 of the second channel 20 can be
more than twice of the width W1 of the outlet 155 of the first
channel 15. In other words, the first fluid F1 discharged from
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two first channels 15 and the second fluid F2 discharged from
one second channel 20 can collide.

The first and second channels 15, 20 of the mixing plate 14
can be alternated to consist of one channel extended from
cach of the inlets 15a, 20a and a plurality of outlets 155, 205
divided from the one channel.

In the case that the temperature adjustment 1s not required,
only the mixing plate 14 can be laminated.

The micro mixer 1 can consist of only one mixing plate 14.

What 1s claimed 1s:

1. A micro mixer, configured to mix more than two types of
fluids, wherein the micro mixer comprises:

a mixing plate having a first channel-forming section and a

second channel-forming section, a first channel for a first
fluad to tlow therethrough 1s formed at the first channel-
forming section, a second channel for a second fluid to
flow therethrough 1s formed at the second channel-form-
ing section; and

a combined channel disposed between the first channel-

forming section and the second channel-forming section
and at which the first fluid and the second fluid are
merged, wherein a plurality of first outlets of the first
channel and a plurality of second outlets of the second
channel are opposed to each other with the combined
channel disposed therebetween, and a position of the
plurality of first outlets of the first channel facing a
center axis of the combined channel 1s included 1n or the
same as a position of the plurality of second outlets of the
second channel facing the center axis,

wherein the mixing plate consists of a pair of adjustable

plates, a width of the combined channel 1s adjusted by
adjusting a distance between the pair of adjustable
plates, and

wherein the first channel has the plurality of first outlets

and a plurality of first inlets, the second channel has the
plurality of second outlets and a plurality of second
inlets, the first outlets of the first channel and the first
inlets of the first channel are 1n a one-to-one relationship
and the second outlets of the second channel and the
second 1nlets of the second channel are 1n a one-to-one
relationship, and 1n the first channel and the second
channel, a cross-section area of each of the first and
second outlets 1s smaller than a cross-section area of
cach of the first and second 1nlets.

2. The micro mixer according to claim 1, further compris-
ing a temperature control plate laminated to the mixing plate,
wherein the temperature control plate comprises a first
medium channel for a first medium to flow therethrough, a
second medium channel for a second medium to flow there-
through, and a heat insulating section disposed between the
first medium channel and the second medium channel,

in a condition that the mixing plate and the temperature

control plate are laminated, the first channel-forming
section and the first medium channel are disposed to
correspond to a lamination direction, and the second
channel-forming section and the second medium chan-
nel are disposed to correspond to the lamination direc-
tion.

3. The micro mixer according to claim 2, wherein the heat
isulating section consists of a space ol a predetermined
width and has a depth of a same distance as a thickness of the
temperature control plate,

through a configuration of the heat insulating section of the

temperature control plate being overlapped to the com-
bined channel of the mixing plate, a vertical combined
channel which has a depth of a same distance as a length
of a lamination direction i1s configured to a laminated
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body consisting of the temperature control plate and the
mixing plate, wherein the combined channel 1s part of
the vertical combined channel.

4. The micro mixer according to claim 1, wherein a first
outlet surface of the first channel 1s parallel to a second outlet
surtace of the second channel.

5. The micro mixer according to claim 1, wherein a center
axis of a cross-section of the plurality of first outlets of the
first channel and a center axis of a cross-section of the plu-
rality of second outlets of the second channel are the same.

6. The micro mixer according to claim 3, wherein a {first
outlet surface of the first channel 1s parallel to a second outlet
surface of the second channel.

7. The micro mixer according to claim 1, wherein the
plurality of first outlets of the first channel and the plurality of
second outlets of the second channel are configured oppose to
cach other and 1n a one-to-one relationship.

8. The micro mixer according to claim 7, wherein the
combined channel 1s formed 1n an elongated shape, at a side
surface of a pair of opposite side surfaces which form the
combined channel, the plurality of first outlets of the first
channel are arranged side by side along a longitudinal direc-
tion of the combined channel, and at another side surface of
the pair of opposite side surfaces, the plurality of second
outlets of the second channel are arranged side by side along
the longitudinal direction of the combined channel.
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